Abstract: Numerical taxonomy was used for identification and grouping of the genera, species, and populations in the families Merliniidae and Telotylenchidae. The variability of each of 44 morphometric characters was evaluated by calculation of the coefficient of variability (CV) and the ratio of extremes (max/min) in the range of 1,020 measured females. Also correlation and regression analyses were made between characters to find potential collinearities. Hierarchical cluster analysis (HCA) was used for (i) grouping 21 genera in the superfamily Dolichodoroidea based on literature data coded for states of 18 diagnostic characters, and (ii) for grouping Iranian populations belonging to selected genera. Furthermore, STEPDISC analysis was used for (i) grouping 11 genera of Merliniidae and Telotylenchidae based on the measurements of 35 characters from 1,007 Iranian female specimens, and (ii) grouping measured females of eight species of Amplimerlinius and Pratylenchoides. The multivariate data analysis approach showed robust enough to summarize relationship between morphometric characters and group genera, species, and populations of the nematodes and in particular help to identify the genera and species of Amplimerlinius and Pratylenchoides.
The families Merliniidae Siddiqi, 1971 and Telotylenchidae Siddiqi, 1960 are among the most problematical taxa in Tylenchida Thorne, 1949\Tylenchomorpha De Ley and Blaxter, 2002 . There is no overall agreement on the taxonomic positions of the included taxa at the species and\or genus levels or even higher ranks among nematologists (Fortuner and Luc, 1987; Maggenti, 1991; Brzeski, 1998; Siddiqi, 2000; Hunt, 2006, 2013; Andr assy, 2007; Geraert, 2011; Hunt et al., 2013) . Some attempts have been made to clarify taxonomical problems within these families using morphological (Sturhan, 2011 (Sturhan, , 2012 Karegar, 2014a, 2014b) or molecular (Ghaderi et al., 2014) approaches, but taxonomic identification of the several included members has remained difficult and uncertain. Erection of the superfamily Dolichodoroidea sensu Siddiqi (2000) or the family Dolichodoridae sensu Decraemer and Hunt (2006) for covering all ''awl'' (dolichodorids), ''sting'' (belonolaimids) , and ''stunt'' (tylenchorhynchids) nematodes appears no longer justified according to the recent studies (Subbotin et al., 2006; Sturhan, 2012; Ghaderi et al., 2014) . The concept of the ''large genus'' for Tylenchorhynchus Cobb, 1913 is one of the most controversial problems in Telotylenchidae. Fortuner and Luc (1987) Filipjev, 1934 , Neodolichorhynchus Jairajpuri and Hunt, 1984 , Telotylenchus Siddiqi, 1960 , and several other genera as synonyms of Tylenchorhynchus; although this idea was followed by Brzeski (1998) , others (Siddiqi, 2000; Hunt, 2006, 2013; Andr assy, 2007; Geraert, 2011; Hunt et al., 2013) rejected that, partially or completely. For many years, the genus Pratylenchoides Winslow, 1958 was thought to be closely related to pratylenchids, but recent morphological (Sturhan, 2011 (Sturhan, , 2012 and molecular (Bert et al., 2008; Holterman et al., 2009; van Megen et al., 2009; Panahandeh et al., 2014; Ghaderi et al., 2014) information strongly support placement of Pratylenchoides within Merliniidae. Many other taxonomic problems of Merliniidae and Telotylenchidae have been discussed in Furtuner and Luc (1987) , Sturhan (2012) , Ghaderi et al. (2014) , and Azizi et al. (2016) . More studies on morphological characters and the range of intraspecific variation (accompanied by molecular analyses) are required for achieving a better and more comprehensive view on the taxonomy of these nematodes.
Numerical taxonomy (or phenetics) was largely developed and popularized by Sneath and Sokal (1973) , as a response to the call for a more objective taxonomy. This approach consists of applying various mathematical procedures to numerically encoded character state data for the organisms under study. The products of these operations were often taken to be ''unbiased'' indicators of the similarity or difference between the taxa, which were in turn used to arrange taxa in a hierarchy (Quicke, 1993) . The word ''character'' has many different meanings in taxonomy, but the general idea requires a character to be characteristic sufficiently to be used to differentiate, classify, or identify taxa. The domain of possible qualitative states or the range of possible quantitative values is called ''character states '' or ''character values,'' respectively (Diederich et al., 1997) .
Multivariate data analysis techniques are classified into two main supervised and unsupervised groups and may at the same time be predictive and/or descriptive. Unsupervised methods perform the job of clustering, whereas supervised ones classify the data sets. The basic difference between clustering and classification is that in the clustering the data, points are unlabeled, assuming no prior knowledge of the previous grouping of samples. In classification, the data points have ''labels'' i.e., there are predefined groups. For instance, hierarchical clustering separates the more similar unlabeled data points (samples) from an experiment and group them tightly close together. In contrast, in a classification method, a training set (a portion of data or a different dataset) is used to discover the unknown grouping pattern. Methods such as HCA, principal component analysis (PCA), factor analysis (FA), and canonical discriminant analysis (CDA) comprise unsupervised methods that are far more useful than supervised ones (Goodacre et al., 2004) .
Different methods of numerical taxonomy including HCA, FA, PCA, and multiple regression analysis have been used for identification of plant-parasitic nematodes at different taxonomic ranks, e.g., in Tylenchus (Blackith and Blackith, 1976) , Helicotylenchus , Rotylenchus (Zancada and Lima, 1985; Cantalapiedra-Navarrete et al., 2013) , Caloosia (Fortuner, 1993) , Xiphinema (Lamberti and Ciancio, 1993; Lamberti et al., 2002; Gozel et al., 2006) , Longidorus Robbins, 2004, 2005) , Criconematina (Subbotin et al., 2005) , Heterodera (Abdollahi, 2009) , Meloidogyne (Mokaram Hesar et al., 2011) , Criconemoides (Chenari Bouket, 2013) , and Paratylenchus (Akyazi et al., 2015) . The present study aims to provide a concise description of patterns of the morphological and morphometric similarities and differences in data obtained from the Iranian populations of Merliniidae and Telotylenchidae. Finally, considering current morphological and molecular information as a basis, our study attempts to address some taxonomic complications in these families.
MATERIALS AND METHODS
Nematode samples: Nematode isolates were collected from the rhizosphere of different plants in fields, orchards, plantations, and meadows from different localities in Iran (Fig. 1 ) during 2010 to 2013. Nematodes were extracted from soil samples using the tray method (Whitehead and Hemming, 1965) . Specimens were killed and fixed by hot FPG (4:1:1, formaldehyde: propionic acid: glycerol), processed to anhydrous glycerol (De Grisse, 1969) , and mounted in glycerol on permanent slides. All measurements were taken by a light microscope Zeiss III, equipped with Dino-eye microscope eyepiece camera and its software Dino Capture version 2.0. Nematode species were identified based on the morphological and morphometric characters, using identification keys (Geraert, 2011 (Geraert, , 2013 . Evaluation of morphometric characters: In total, 1,020 females belonging to 197 populations of 31 species from 11 genera of the families Merliniidae and Telotylenchidae, collected from Iran, were used for the present study. For each female, 44 morphometric indices and ratios (Tables 1,2) were used in the calculations. The variability of each morphometric character was estimated by calculation of the CV and the ratio of extremes in the range of measured females (Max/ Min). Furthermore, the Max/Min ratios of eight characters (Table 3) were estimated for reported populations in the literature plus those recovered in the present study (more than 6,600 female specimens belonging to 641 populations of 227 species and 25 genera). The used indices and abbreviations are in accordance with those which explained in Siddiqi (2000) .
Correlation and regression analysis of characters: Correlation of the 44 morphometric characters was determined with SPSS software (SPSS for windows, version 16.0; SPSS Inc., Chicago, IL) using two-tailed Pearson correlation coefficient. The correlation between eight pairs of the measured characters (which considered to be more informative in taxonomic studies of the families Merliniidae and Telotylenchidae) was evaluated graphically. Scatter plots were made and the regression line was fitted to the data of each pair of the characters.
Multivariate data analysis: HCA is a completely unsupervised method that measures similarity between two observations and then assigns the observation to the cluster of observations to which it has more similarity (Johnson, 1998) . HCA was performed using between-group linkage method with the SPSS 16 software for grouping the two sets of data: (i) 21 genera included in the families Merliniidae and Telotylenchidae, and (ii) the studied populations in the genera Amplimerlinius Siddiqi, 1976 , Geocenamus Thorne and Malek, 1968 , Merlinius Siddiqi, 1979 , and Pratylenchoides. For grouping genera, the most important diagnostic characters were selected from the literature (Fortuner and Luc, 1987; Siddiqi, 2000; Geraert, 2011; Sturhan, 2012) and their states were defined for each character (Tables 4,5 ). For grouping studied populations in the present research, common morphometric indices and ratios in nematology (Tables 1,2) were measured and used for cluster analysis.
PCA reduces a set of colinear variables into a small number of hidden orthogonal (uncorrelated) principal components (PC). The basic assumption of PCA is that there exist a number of latent variables or PC accounting for the correlations among observed quantitative variables. Variation in all correlated measured characteristics, accounted for by the same latent PC, is summarized in the PC in as much as the initial data can be represented using a few new uncorrelated PC (Johnson, 1998; Johnson and Wichern, 2002) . PCA was performed (i) on the sampled populations (1,007 female individuals belonging to 190 populations of 31 species from 11 genera) in order to determine the morphometric discrimination among genera, and (ii) on the sampled populations of Amplimerlinius, Geocenamus, Merlinius, and Pratylenchoides in order to delimit included species in each genus. The analyses were based on the 35 characters (Table 6) . PCA was performed with the PRIN-COMP procedure of SAS (Statistical Analysis System, version 9.2) to produce a set of variables (PC) that were linear combinations of the original variables. The new variables were ranked according to the amount of variation accounted for.
As grouping in the 3 dimensional (3D) PC space was inadequate, CDA, another dimension-reduction technique which develops linear combinations of the measured variables or so called CAN (canonical) vectors summarizing between-class variation, was used to increase the resolution of the clustering pattern by minimizing the within cluster variance and maximizing the between cluster variance (Johnson, 1998) . The STEP-DISC procedure was used to select a subset of the PC outputted from PCA to perform a stepwise discriminant analysis for use in discriminating among the classes. The new subset of PC is selected in a way to maximize the resolution of clustering pattern. Subsequently, CANDISC procedure of SAS was used to compute squared Mahalanobis distances (distances in variance scale) among sample (species for example) means. The values of canonical variables were used to plot all samples in a canonical 3D space of three CAN vectors, to aid in the visual interpretation of group differences or similarities. The loading of a measured variable (metabolite) to each CAN vector is used to explain its influence on grouping criteria.
RESULTS

Variability of morphometric characters:
The results of the present study indicated that the CV has a comparable range for the majority of the measured indices and ratios in the subfamilies Merliniinae Siddiqi, 1971 , Pratylenchoidinae Sturhan, 2012 , and Telotylenchinae Siddiqi, 1960 , but showed a different tendency in certain characters among the subfamilies. For example, anus-phasmid distance and phasmid from anus/tail length % showed a higher CV in Merliniinae and Pratylenchoidinae than that in Telotylenchinae (the CV is 17.1, 18.4, and 7.3 for anus-phasmid distance and is 12.5, 11.9, and 7.6 for phasmid from anus/tail length % in Merliniinae, Pratylenchoidinae, and Telotylenchinae, respectively). The data steadily showed that phasmid from anus/tail length % has a higher stability than anus-phasmid distance; in other words, the position of phasmids can be attributed to the tail length. Therefore, these differences may be due to lower variation in the tail length of Telotylenchinae compared to the two other subfamilies (10.7, 13.3, and 7.9 in Merliniinae, Pratylenchoidinae, and Telotylenchinae, respectively). TABLE 3 . Ranges (maximum/minimum) of the eight important morphometric characters for females of the genera in Dolichodoridae sensu Geraert, 2011, reported worldwide (literature) or collected during the present study. S = number of the species; P = number of the populations; and I = number of the individuals included in calculations.
The lowest CV was observed for V, MB, m, stylet length, and stylet length to lip region width. On the other hand, dorsal gland orifice (DGO) and postuterine sac (PUS) showed the highest CVs. However, this high variation may be partially related to difficulties in their microscopic observability. Some characters including a, b, c, and body length showed a reliable variation and can be used for species discrimination in the studied subfamilies, but the two characters that have been extensively used in the previous taxonomic works, namely c' and the number of tail annuli, have lower reliability and thus their use should be limited for taxonomic purposes.
Among the measured characters of the present specimens, vulva position, stylet length, and conus/ stylet length (m) showed the lowest values of Max/Min ratios. The analysis of the literature data also indicated that V and stylet length have the lowest intraspecific variability (mean of the Max/Min ratios are 1.11 and 1.19, respectively), followed by body length, a, b, and c ratios (mean of the ratios 1.34, 1.33, 1.35, 1.38, respectively), but c' ratio and tail annuli showed higher levels of intraspecific variability (mean of the Max/Min ratios are 1.44 and 1.55, respectively). Correlation and regression analysis among characters: The details of correlation among diagnostic characters were not shown here, but some remarkable notes are discussed. The data would seem to suggest that body length (and other relative characters such as anterior end-vulva distance, anterior end-anus distance, and vulva-anus distance) has a close relationship with stylet length, pharynx length, the position of secretoryexcretory pore, and with body diameter at different parts of the nematode. Also, strong positive correlations were found between stylet length with the distance of median bulb from the anterior end (r = 0.823), stylet length with median bulb width (r = 0.868), as well as MB with median bulb width (r = 0.885). Also as can be seen from the regression lines (Fig. 2) , it may be concluded that there is a typical close relationship between almost all studied characters, except for body length with tail length (R 2 = 0.506), and tail length with the number of tail annuli (R 2 = 0.129), which showed poor or very poor correlation, respectively.
Clustering of the taxa: The used characters and matrix of the morphological characters are shown in Tables 4  and 5 , respectively. HCA of the selected diagnostic characters of the genera in Merliniidae and Telotylenchidae by using average linkage method yielded a dendrogram (Fig. 3) that shows several significant agreements with morphological and molecular findings.
The results of our HCA well supported the separation of the genera included in Telotylenchidae from the genera in Merliniidae. The genus Bitylenchus is supported as a sister taxon to the genus Sauertylenchus Sher, 1974, and separate from Tylenchorhynchus. The genus Neodolichorhynchus was located at the base of the Telotylenchidae cluster. The genera Trophurus Loof, 1956, Paratrophurus Arias, 1970, and Macrotrophurus Loof, 1958 (with thick cuticle at tail end) showed close relationships with each other. In the subfamily Merliniinae from Merliniidae, Scutylenchus Jairajpuri, 1971, and Geocenamus (the only genera without deirids) formed a separate and distinct cluster from other genera including Merlinius. The genera Nagelus Thorne and Malek, 1968 and Merlinius were clustered together and separated from another cluster including Paramerlinius Sturhan, 2012, and Amplimerlinius. The genera Macrotylenchus Sturhan, 2012 and Pratylenchoides formed a cluster at the base of the dendrogram.
Furthermore, HCA was used for clustering the populations collected during the present study and was successful in separating species of Amplimerlinius (Fig. 4) and Pratylenchoides (Fig. 5) , but not for those of Geocenamus and Merlinius (data are not shown). In the genus Amplimerlinius, species with different ranges of the stylet length were separated from each other, so A. macrurus (Goodey, 1932) Siddiqi, 1976, and A. uramanatiensis Ghaderi and Karegar, 2014 (species with 25-31 mm stylet length) comprised the basal cluster and A. globigerus Siddiqi, 1979, and A. paraglobigerus Castillo, Siddiqi, and G omez-Barcina, 1990 (species with 20-25 mm stylet length) formed the other cluster. In the genus Pratylenchoides (Fig. 5) , P. crenicauda Winslow, 1958, and P. erzurumensis Y€ uksel, 1977 (species with shorter overlapping of the pharyngeal glands) formed a cluster distinct from P. ritteri Sher, 1970 and P. utahensis Baldwin, Luc, and Bell, 1983 (species with longer overlapping of the pharyngeal glands).
STEPDISC analysis of the taxa: To sort morphometric characters relating to genera (in Merliniidae and Telotylenchidae) and species (in Amplimerlinius, Geocenamus, Merlinius and Pratylenchoides), and to identify their possible natural grouping based on new reduced dimension orthogonal space, the 35 morphometric characters common to all populations (see Table 6 ) were subjected to PCA. The female individuals of the included species (and/or genera) were plotted in a reduced space consisting of the first three PC accounted for virtually all (PC1 = 39%; PC2 = 36%; PC3 = 25%) the variance in the original morphometric characters with significant PC loadings (data not shown). PC scores measure similarities among species (and/or genera), whereas the PC loadings represent a measure of the contribution of morphometric characters in PC scores and may be used to identify key characters. A 3D scatter plot (PC1 3 PC2 3 PC3) of taxon PC scores indicated a clustering of the taxons. CDA was applied to a significant subset of 35 PC selected by running STEPDISC procedure of SAS. The first two CAN vectors accounted for $98% of the variance in the 35 morphometric characters (CAN1 = 85% and CAN2 = 13%). Each CAN vector is an indirect linear combination of 35 morphometric characters and summarizes part of the variance observed in the taxa (species/genera).
The CAN1 vector grouped the four species of Amplimerlinius into two separate clusters: group1 (=A. macrurus and A. uramanatiensis) with high CAN1 scores and group2 (=A. globigerus and A. paraglobigerus) with low CAN1 scores. Therefore, the CAN1 vector was considered to explain the differences between group1 and group2 (Fig. 6) . The CAN2 and CAN3 vectors, on the other hand, further classified group1 and group2 (separating subgroups A. macrurus from A. uramanatiensis, and A. globigerus from A. paraglobigerus) by assigning higher CAN2 (and CAN3) scores to A. macrurus and A. globigerus. As the 2D CAN space provided sufficient separation of the four species of Amplimerlinius, the morphometric characters with high loadings to the CAN1 and CAN2 vectors that identify different taxa were ranked in a descending order of loadings. Of 31 characters, 14 and 17 loaded significantly (L . 0.4) to the CAN1 and CAN2 vectors, respectively, with 10 characters (m, DGO, median bulb width, anterior end-anus, vulvaanus distance, vulval body width, anal body width, phasmid body width, lip region width, and stylet length/ tail length %) being common to both (Table 6) .
Four species of Pratylenchoides can also be well separated in 2D canonical space of CAN1 3 CAN2. CAN1 vector identified two clusters labeled as group1 and group2; group1 (=P. crenicauda and P. erzurumensis) with the highest CAN1 scores and group 2 (P. ritteri and P. utahensis) with moderate (P. ritteri) to low (P. utahensis) CAN1 scores. CAN2 vector further classified group1 into P. crenicauda with low CAN2 scores and P. erzurumensis with high CAN2 scores (Fig. 7) . Morphometric characters with high loadings to the CAN1 and CAN2 vectors that identified different species of Pratylenchoides were ranked in a descending order of loadings. Out of 35 characters, 12 and 14 loaded significantly (L . 0.4) to the CAN1 and CAN2 vectors, respectively, with 5 characters (stylet length, median bulb from anterior end, secretory-excretory pore from anterior end, tail annuli, and phasmid from anus/tail length %) being common to both (Table 6 ).
Morphological relationships among 1,007 female individuals (belonging to 190 populations of 31 species and 11 genera) in the Merliniidae and Telotylenchidae were investigated in the 2D canonical space. Eleven genera of the two families were well separated in 2D canonical space of CAN1 3 CAN2 and formed six genera groups as follows: G1 (Merlinius), G2 (Bitylenchus), G3 (Tylenchorhynchus and Paratrophurus), G4 (a disperse pattern of Trophurus, Neodolichorhynchus, Geocenamus and Nagelus), G5 (Pratylenchoides), and G6 (Paramerlinius and Amplimerlinius). CAN1 vector identified three clusters labeled as G1, G2+G3, and G4+G5+G6 with high, moderate, and low CAN1 scores, respectively. CAN2 vector further classified G2 from G3 and also G6 from G4 and G5, with high CAN2 scores for the formers (Fig. 8) . Further separation of these six groups was not possible, which indicates intermediate measures of genera separators due to possible close evolutionary relationship. The morphometric characters with high loadings to the CAN1 and CAN2 vectors that identify different groups of genera in the Merliniidae and Telotylenchidae were ranked in a descending order of loadings. Out of 31 characters, 5 and 7 loaded significantly (L . 0.4) to the CAN1 and CAN2 vectors, respectively, with only one character (stylet length/tail length %) being common to both (Table 6 ).
DISCUSSION
Variability of morphometric characters: Considering CV and Max/Min ratio as viability criteria, the results of the present study revealed that certain morphometric characters such as vulva position, stylet length, m, a, b, and c ratios have acceptable reliability for taxonomic works, but some others including c' and the number of tail annuli have lower reliability and thus their using for taxonomic purposes should be limited. The ranges of variation can sometimes proceed to more than three in the number of tail annuli in the same species or even same population. However, in these cases, cuticular annuli on the ventral side of tail are usually compounded with each other to produce larger and wider annuli. This typically occurs in Tylenchorhynchus clarus Allen, 1955, which has 12 to 20 annuli on the ventral surface of tail, but their numbers reduce to 6 to 10 annuli after combination. For this reason, T. variannus Mavlyanov, 1978 was synonymized with T. clarus by Ghaderi and Karegar (2016) . Fortuner (1984) noted that in the genus Helicotylenchus Siddiqi, 1971 , certain characters such as vulva position, a, c, and c' ratios have reliable intraspecific variation, but b and b' ratios show higher levels of variation. He also discussed that the variability of c ratio is generally higher than the variability of tail length and thus, it is best not to use c ratio, but to use the actual length of the tail. The results of the present study indicated that tail length may be considered as a more stable character than c and c' ratios in the most genera of Telotylenchidae, but it has higher variability than c and c' ratios in Trophurus, Paratrophurus, and the genera of Merliniidae (Tables 1-3) .
Relationships between characters: Analysis of the correlation among diagnostic characters revealed that although there was a close relationship between the studied characters, body length with tail length and tail length with the number of tail annuli showed very poor correlation. In these two sets of characters, the regression line did not pass through the origin, and therefore they can be used in taxonomic works by precaution. Fortuner (1982) , with studying populations of Ditylenchus myceliophagus Goodey, 1958, discussed that the regression line almost passes through the origin in the regression lines of the two constituents of a, c, and c' ratios, but that is not true for b ratio. Fortuner (1984) found that in the genus Helicotylenchus Steiner, 1945, the pairs of characters for a, c, c', and V ratios present a high correlation with each other, but other ratios (e.g., b, b', and o) are based on unrelated pair of characters. Fortuner and Maggenti (1991) found that most characters describing the size of the nematodes in Hirschmanniella oryzae (Soltwedel, 1889) Goodey, 1963 and H. belli Sher, 1968 (including a, b, c , and c' ratios, and also lengths of body, tail, stylet, and pharynx), as well as number of tail annuli, are highly correlated to each other. Geraert (2006) discussed on the correlation between some selected characters in the representatives of Tylenchida, including Merliniidae and Telotylenchidae. He noted that there is a good relationship between body length and body diameter, body length and pharynx length, and body length and stylet length, with their related regression lines passing through the origin in the genera of Merliniidae and Telotylenchidae. He further noted that regarding correlation between body length and pharynx length, Telotylenchidae and Tylenchidae € Orley, 1880 have different regression lines, although certain genera in Telotylenchidae (e.g., Macrotrophurus and Sauertylenchus) fall within the extension of the Tylenchidae regression line. However, all studied genera had a Telotylenchidae-stylet relationship (Geraert, 2006) , suggesting that a constant ratio can be found between body length and stylet length.
Validity of taxa grouping based on multivariate clustering: The results of our HCA were comparable to recent phylogenetic analyses (Ghaderi et al., 2014) and well supported the separation of the genera included in FIG. 8 . Scatter plot based on projections of the first two significant CAN vectors of canonical discriminant analysis (CDA) of morphometric characters of 1,007 female individuals belonging to 190 populations of 31 species in 11 genera. The 3D canonical space was derived from CANDISC analysis of PC outputted from principal component analysis of 31 morphometric characters. The CDA identified the genera as six groups: Merlinius (G1), Bitylenchus (G2), Tylenchorhynchus and Paratrophurus (G3), Trophurus, Neodolichorhynchus, Geocenamus and Nagelus (G4), Pratylenchoides (G5), and Paramerlinius and Amplimerlinius (G6).
Telotylenchidae from the genera in Merliniidae; only the position of the genus Quinisulcius Siddiqi, 1971, in Merliniidae is questionable. Our results also rejected the concept of the ''large genus idea'' for Tylenchorhynchus as proposed by Fortuner and Luc (1987) , which is in agreement with the results obtained from our phylogenetic relationships (Ghaderi et al., 2014) . Several genera including Bitylenchus, Telotylenchus, Quinisulcius, and Neodolichorhynchus have been considered as synonyms of Tylenchorhynchus by Fortuner and Luc (1987) , but our findings showed that these genera formed clusters distinct from Tylenchorhynchus.
In our HCA dendrogram, the genus Bitylenchus is supported as a sister taxon to the genus Sauertylenchus, and separated from Tylenchorhynchus. Fortuner and Luc (1987) transferred Sauertylenchus to the subfamily Merliniinae because of having a distinct perioral disc and long stylet, but Gomez-Barcina et al. (1992) and Siddiqi (2000) claimed that this genus is very close to Bitylenchus, though with minor but reliable differences in the lip region structure and stylet length. The genus Neodolichorhynchus, with cuticular longitudinal ridges on its whole body as a unique diagnostic character, was located at the base of the Telotylenchidae cluster in our study. Similar results were obtained in our recent phylogenetic studies (Ghaderi et al., 2014) , but the genus also showed a sister relationship with Trophurus and Macrotrophurus.
The genera with thick cuticle at tail end (Trophurus, Paratrophurus, and Macrotrophurus) showed close relationships with the each other. There is no molecular information on Paratrophurus, but the phylogenetic position of Trophurus and Macrotrophurus (Ghaderi et al., 2014) is supported here by numerical taxonomy approach. However, the representatives of the thicktailed genera including Trophurus, Macrotrophurus, and Paratrophurus did not group together in the SSU rDNA tree in Carta et al. (2010) .
In the subfamily Merliniinae from Merliniidae, the only genera having no deirids (Scutylenchus and Geocenamus) formed a separate and distinct cluster from other genera including Merlinius. Anderson (1977) and Sturhan (2012) considered Scutylenchus as a junior synonym of Merlinius or Geocenamus, respectively. Siddiqi (1979 Siddiqi ( , 2000 revalidated Scutylenchus as a genus with having longitudinal striae on the body cuticle and lacking deirids. Hunt (2006, 2013) and Geraert (2011) considered all the three genera as Geocenamus. The results of our study were congruent more with the opinion of Sturhan (2012) for considering Merlinius as a separate genus, but support the synonymy of Scutylenchus with Geocenamus.
The genus Paramerlinius showed a sister relationship with Amplimerlinius, but was located in a different cluster from other related genera including Nagelus and Merlinius. Based on a detailed comprehensive study (Sturhan, 2012) , Paramerlinius was proposed for accommodating several species with a heavy sclerotized cephalic framework, previously attributed to Merlinius and Nagelus. Morphologically, Paramerlinius is also very close to Amplimerlinius, but it differs by the presence of a refractive inner cuticle layer and the absence of a distinct hyaline at female tail end. The results obtained from our cluster analysis are in agreement with classification schemes based on morphological (Sturhan, 2012) and molecular (Ghaderi et al., 2014) information.
The genera Macrotylenchus and Pratylenchoides, which formed a cluster at the base of the dendrogram (Fig. 3) , have several morphological affinities with each other. Only the length of stylet is much larger in the first genus (higher than 100 vs less than 35 mm). Such close relationship can also be observed between other genera with different length of stylets in the HCA dendrogram (Fig. 3) . For example, the genera with short stylet, Bitylenchus and Paratrophurus, clustered with the genera with longer stylet, Sauertylenchus and Macrotrophurus. From this result, it may be concluded that stylet length may not be an adequate discriminant character at the genus rank.
The studied species of Amplimerlinius and Pratylenchoides can be distinguished from the each other in accordance with important diagnostic characters mentioned as authentic taxonomic characters (Ryss, 2007; Geraert, 2011 Geraert, , 2013 . In the genus Amplimerlinius, species with 25 to3 1 mm stylet length (including A. macrurus and A. uramanatiensis) formed a basal cluster distinct from other clusters consisting of the species with 20 to 25 mm stylet length (including A. globigerus and A. paraglobigerus). This method was not successful for separation of the two very closely related species of Amplimerlinius, i.e., A. globigerus and A. paraglobigerus, because these species can be distinguished only based on some few morphological differences in the number of head annuli, shape of cephalic framework, and body posture.
HCA may be considered as a useful tool for discrimination of the different groups of Pratylenchoides species, which have been defined in previously published taxonomic works (Baldwin et al., 1983; Ryss, 2007; Ghaderi and Karegar, 2014a) . P. crenicauda and P. erzurumensis (group 2 of Ghaderi and Karegar [2014a] ; with pharyngeal glands overlapping about one time of the corresponding body diameter) formed a cluster distinct from P. ritteri and P. utahensis (group 3 of Ghaderi and Karegar [2014a] ; with pharyngeal glands overlapping about two to three times of the corresponding body diameter) (Fig. 5) . The species of Geocenamus and Merlinius cannot be identified by HCA, but interestingly this approach was useful for detection of the mixed populations of M. brevidens (Allen, 1955) Siddiqi, 1970, and M. nanus (Allen, 1955) Siddiqi, 1970 . The first species has a larger stylet range (13-16 mm vs 11-14 mm), a more developed basal ring of its cephalic framework and smooth (vs striated) tail terminus in females.
Generally speaking, HCA can be successfully used together with morphological and molecular methods for more accurate identification of different populations of the plant-parasitic nematodes of the families Merliniidae and Telotylenchidae at genus or species rank. However, obtaining the reliable results requires the most important and stable diagnostic characters to be selected, defined, and then coded in an appropriate way. HCA has already been used as a supplementary tool for identification of nematodes in several genera including Helicotylenchus , Xiphinema (Lamberti and Ciancio, 1993) , Longidorus (Ye and Robbins, 2004) , and Criconemoides (Chenari Bouket, 2013) .
Value of STEPDISC analysis: A STEPDISC analysis was carried out to investigate relationships between 35 morphometric characters relating to genera in Merliniidae and Telotylenchidae, and species in Amplimerlinius, Geocenamus, Merlinius, and Pratylenchoides. However, this was unsuccessful for grouping species in Geocenamus and Merlinius.
The CAN1 vector distinguished the two groups in Amplimerlinius, and the CAN2 and CAN3 vectors further separated subgroups A. macrurus from A. uramanatiensis, and A. globigerus from A. paraglobigerus. According to the already published morphological studies (Geraert, 2011; Ghaderi and Karegar, 2014b) , the group1 species, A. macrurus and A. uramanatiensis, can be distinguished from the group2 species, A. globigerus and A. paraglobigerus, by having a larger stylet in females and males. Stylet length, m, and stylet length/tail length % have higher CAN1 scores in our multivariate analysis, but the two latter characters showed large amount of intraspecific variation and cannot be used for reliable species identification in this genus. Certain characters such as DGO, anterior end-anus distance, phasmid from anus/tail length %, and body width had higher loading values on CAN2 and CAN3 vectors (Table 6 ), but using these characters for taxonomic purposes needs to be studied in a more comprehensive survey including more populations from different geographical locations. In the taxonomic literature (Geraert, 2011; Ghaderi and Karegar, 2014b) , the separation of the species in each subgroup 1 or 2 is usually based on qualitative characters (e.g., the number of head annuli, the shape of cephalic framework, tail shape, tail terminus striation), and morphometric data have a little impact.
In the genus Pratylenchoides, CAN1 vector identified two clusters labeled as group1 (P. crenicauda and P. erzurumensis) and group2 (P. ritteri and P. utahensis). According to the taxonomic literature on the genus (Ryss, 2007; Geraert, 2013; Ghaderi and Karegar, 2014a) , the species in group1 can be separated from the species in group2 by more anterior position of the subventral pharyngeal gland nuclei (at least one of the nuclei is anterior to or near the pharyngo-intestinal valve vs both nuclei posterior to the valve) and shorter overlapping of the glands on the intestine (0.5-1.5 vs 1.5-3.0 times the corresponding body diameter). The characters with higher CAN1 scores (the number of tail annuli, tail length/stylet length %. and lip region width) have not been considered as reliable diagnostic characters in taxonomy of the genus. Although CAN1 vector was sufficient to distinguish between group1 and group2, CAN2 vector was also necessary to further separate P. crenicauda and P. erzurumensis from each other. From the characters with higher loadings on CAN2 vector, b ratio, the number of tail annuli, and phasmid from anus/tail length % can be considered as important diagnostic characters from the taxonomic point of view. These two species can be further separated by morphology of their tail termini, shape of sperm cells, and male head (Geraert, 2013; Ghaderi and Karegar, 2014a) .
The results of our STEPDISC analysis did not support the separation of the genera included in Telotylenchidae from the genera in Merliniidae, because these genera are primarily separated due to differences in qualitative characters (as shown in our HCA dendrogram; Fig. 3) , and do not rely on quantitative morphometric data. Individuals belong to the species of Bitylenchus and Neodolichorhynchus grouped in clusters (G2 and G4, respectively) distinct from the other cluster (G3) including Tylenchorhynchus species; this is in accordance with our HCA analysis and can be considered as additional evidence for rejection of the concept of the ''large genus idea'' for Tylenchorhynchus. The representatives of the genus Neodolichorhynchus showed a close relationship with those of Trophurus in our STEPDISC analysis and support the sister relationship of these two genera in phylogenetic relationships (Ghaderi et al., 2014) . Furthermore, Tylenchorhynchus and Paratrophurus shared the same cluster (G3) in our study. Arias (1970) characterized Paratrophurus by smooth, slender lip region, and distinct thickening of the tail terminus. Lopez (1986) and Castillo et al. (1989) considered only the latter as a reliable diagnostic character, and Siddiqi (2000) noted that regarding all morphological characters, including en face view, Paratrophurus is similar to Tylenchorhynchus.
Taking the family Merliniidae into consideration, the genera Nagelus and Geocenamus (together with Trophurus and Neodolichorhynchus) formed a diverse group (G4) but in a separate cluster from the other group (G6) including closely related genera, Paramerlinius and Amplimerlinius, which is in agreement with our HCA analysis, and with classification schemes based on morphological (Sturhan, 2012) and molecular (Ghaderi et al., 2014) information. The representatives of the genus Geocenamus with tessellated cuticle (formerly known as Scutylenchus) formed a separate and distinct cluster from Merlinius, in congruence with HCA and Sturhan (2012), for considering Merlinius as a separate genus from Geocenamus. The genus Pratylenchoides formed a cluster distinct from the studied genera in Merliniinae, including Amplimerlinius, Paramerlinius, Geocenamus, and Nagelus. Our findings support the monophyletic nature of Pratylenchoides, as well discussed in Azizi et al. (2016) . However, possible affinities of the genus should be discussed with Macrotylenchus in future morphological or molecular studies.
CONCLUSIONS
Generally speaking, the results of the present study revealed that certain morphometric characters such as vulva position, stylet length, m, a, b, and c ratios have acceptable reliability for taxonomic works in the families Merliniidae and Telotylenchidae, but using of certain characters including c' ratio and the number of tail annuli for taxonomic purposes should be limited in these families. Analysis of the correlation among diagnostic characters also revealed a close relationship between the pairs of the studied characters, but few of them namely body length with tail length, and tail length with the number of tail annuli showed very poor correlation.
Multivariate analyses, HCA and STEPDISC, rejected the concept of the ''large genus idea'' for Tylenchorhynchus and considered Bitylenchus and Neodolichorhynchus as separate genera from Tylenchorhynchus. Furthermore, these approaches considered Merlinius as a separate genus from Scutylenchus and Geocenamus, but support the synonymy of the two latter genera. Monophyletic nature of Pratylenchoides was also supported in accordance with already available morphological and molecular studies. The multivariate data analysis approach showed robust enough to summarize relationship between morphometric characters and group genera, species, and populations of the nematodes and in particular help to identify the genera and species of Amplimerlinius and Pratylenchoides. However, additional and more comprehensive studies on numerical methods will lead to provide objective and stable classifications for certain groups of plantparasitic nematodes having taxonomic problems including Merliniidae and Telotylenchidae.
